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After the discovery of the High Temperature Superconductors HTSC (Bednorz & Muller, 1986 ), these compounds have received great importance, since (Wu et al, 1987) was succeeded to synthesize the superconductor YBa 2 Cu 3 O 7 (YBCO) (T c =95 K). Thus refrigeration cost was decreased by thousand time . The newly discovered materials are CuO based ceramics that remain Superconducting near 100 K. Soon after this discovery many other Superconducting compounds with higher critical temperatures was synthesized, like Bi-Sr-Ca-Cu-O (BSCCO), and Ba-Sr-Ca-Cu-O (BSCCO) (Sharp, 1990) . Higher critical temperature was recorded like that of the compound Hg-Ba-Ca-Cu-O (HBCCO) with the critical temperature 135 K (Chu, 2002) .
The CuO compounds are insulators. By substituting for certain atoms in the unit cell, these materials are made to behave as metals and may become superconductors. The transition temperature depend strongly on the density of states at the Fermi level, that parameter in turn is strongly affected by doping of the initial ceramics with other atoms of different valance to provide extra electrons (Or holes) which are then available for participation in Superconductivity (Chu, 2002) .
The practice of doping has along history in the field of semiconductors, and similar efforts applied to HTSC. A tremendous quantity of substitution have been tried to improve mechanical, magnetic or transport properties of these materials. The Fermi level is badly distorted from a simple spherical shape by the anisotropy in HTSC (Pickett,1989 (Takagi et al, 1989) .
The aim of this research is to study the effect of ionic substitution of Sr ion in the compound La 2-x Sr x CuO 4-y on the electrostatic potential energy and its relation to the critical temperature T c . The crystal structure
The structure of the Superconducting phase was identified as a derivative of the layered pervoskite and shown in figures 1 and 2 . Fig. shows CuO 2 layers which consist of octahedrally coordinated Cu, with Cu-O length of 1.9 A in the a-b plane and 2.4A in c direction .Also the Cu atom occur at (000) and (½, ½ , ½) lattice sites in the unit cell, similar to the body centered structure. The substituted Sr Ion occupy a fraction of La ion and the difference in valance bring about a increase in the number of holes. Superconductors with hole conduction are called P-type similar to that followed in semiconductors. Since   2 3 , Sr La are large ions the compound formed have the formula A 2 BO 4 , unlike the pervoskite which has the ABO 3 . If however, a slice of the pervoskite structure of thickness one unit cells taken fig. 2 . Thus it has a stoichiometry A 2 BO 4 . If these units are displaced relative to one another they formed a tetragonal structure with c = 3a. Where a is the length of the cell edge of the pervoskite building bricks. In this structure the x of the copper atoms, must be in the oxidation state (3+), in order to compensate for the presence of the Sr atoms (Sharp, 1990) . 
Theory
One of the important properties of the HTSC are their ionic bonds (Wright & Butler,1990) . As shown in fig.2 Cu ion are coordinated to six oxygen ions as first nearest neighbors, and 8 La ions as second nearest neighbors. First of all we try to calculate the binding energy for the pure crystal i.e. without Sr substitution. If we try to compute the electrical potential energy E.P., which as we think: is an important parameter that greatly affects charge distribution inside the crystal, especially when we try to understand the effect of doping on the properties of the superconductor, because it affect the charge balance by the introduction of the new ion, with different valances. to calculate the E.P. we use Madelung method (Torrance & Metzger, 1989) where the electrical potential energy between a reference ion and the other ions of the crystal is considered. This energy is calculated as follows (Kittel, 2005) .
are the charge and the Madelung constant (MC) which expresses the geometrical structure of the crystal. R is the nearest neighbor distance from the reference ion. The MC can be calculated on the basis of the position of the ions and their share in the charge of the crystal therefore:
R are the nearest neighbors distance and j r the distance of the j ion from the reference ion.
For our crystal La 2 CuO 4 , and as shown in figures 1 & 2. If we consider Cu as reference ion, therefor we have four oxygen ions in the CuO plane with distance 1.9 A, two other O ions at the epics of the of the octahedral with distance 2.4 A from Cu ion, and 8 La with distance 3 R . On the above basis the MC for our crystal without doping is:
…etc are the valance and number of the neighboring ions. The subscripts
, stands for the plane and the epics ions, the same are for the subscript of the La ion, and the electrostatic energy electron volt (eV) is
in order to consider the effect of doping with  2 Sr on the electrostatic energy some changes in eq.4 must be done especially on the term of La ions . 
Results and Discussion
To find the effect of substitution of the Sr ion instead La ion we apply the above procedure in the theoretical part . By applying equations 3 and 4 we can calculate the MC after substituting for the valances , distances ,number of ion considering Cu as a reference ion .So we have for MC. after calculating the energy in non doped crystals, we use eq.5 to calculate the effect of substitution with Sr on the electrostatic energy of the doped crystals . The result of this calculations are shown in figure 3 and also in table 1. It is clear that there is an increase in the potential energy by the introduction of Sr. This increase will change the binding energy of the crystal, this effect represent a good result, because it show us an increase in the potential energy due to the increase in Sr concentration. As seen from figure 3, we start with the concentration 0.01 and not from 0 concentration which represent un substituted La As shown in the above figure that: the introduction of the Sr ion lead to abrupt change in the potential energy, which is an expression of the second order phase transition, which means that we have a structural change in the crystal (Cyrot, Pavuna, 2004) . This second order phase transformation is a characteristic property of high temperature superconductors. thus our treatment of the dependence of the concentration on the E. P. brings us to show the phase transformation which must be occurred in order that a normal material will be transformed into superconducting material. This means that our treatment of the superconductivity using the electrostatic potential is a valid approach to handle part of the superconducting problems, thus electrostatic potentials shared in the process of superconductivity as one of the important factors. the abrupt change in the E. P. dose not lead to the appearance of superconductivity directly as we will see from the next figure, because there are other factors which plays also major roles like the electronic configuration inside the crystal spin effects (Maki et al, 2002) , (Pickett, 1989 ). If we compare the effect of the increase of the potential with the increase of the concentration of Sr with the study of (Takagi et al, 1989) where they showed that there an increase in T c with increasing Sr concentration, their results is shown in the upper half of figure 5 : With our result of the dependence of E. P. on the concentration of Sr. Figure 5 is drawn such as that it demonstrate this comparison. In this figure T c values were from the study of (Takagi et al, 1989) . The values of T c is started from the concentration 0.05. The values of the E. P. was from figure 3. this graph was drawn to show the changes in the transition temperature with that of E. P. every value y on the line can give the real value of E. P. by the transformation factor (y/100-10). as it is shown in the fig. 5 there is a good relation between the two variables within the range shown. This is a good result. This also prove the that increase in the E. P. plays a big role in affecting the superconductivity, and its most important factor T c .
In order to find a correlation between the E. P. and T c , let us consider that the relation between them having the following polynomial: From the above table we will find the (a"s)coefficient as follows (Sokolnikoff and Redheeffer,1966) : Thus we reach to the conclusion of establishment of the most important superconducting parameter T c and the electrical P. E. of the crystal, This, as we consider, may be a very little brick in the search to establishment of a theory of high temperature superconducting. Even though this relation is limited for the concentrations of Sr up to 15 % but its validity comes from the right and essential basis of it (electrical interaction between ions of the superconducting crystal). Another reason for its validity that superconductivity depends on many essential variables (electrical, electronic, spin, magnetic of the holes and electrons ..etc) another effect may appear (Pickett,1989) , which we will try to consider in our coming studies .Also good superconductors are fabricated within such range of Sr concentrations. finally in the lack of a general accepted theory of the high temperature superconducting, The attempts of this paper may help (however little) in the way to build a theory, like a river formed from little brooks.
In order to explain the dependence of both Tc and the E. P. on the concentration of Sr and to explain also the relation established between them we will try to explain this on two basis: 1-Increase of the concentration of holes by the increase of Sr concentration this increase of holes is attributed to the difference in valance between the Sr atom and the La atom (Chu ,2002 ). 2-Increase of the pressure increases the transition temperature which is a well established behavior of the superconductors (Huber, and Liverman 1990) .
The appearance of electrons and holes in the superconductor by the process of substitution is similar to the appearance of them in the semiconductors (Kittle, 2005) . The addition of neutral atoms with different valance from that already existing will lead to the appearance of holes or electrons due to the difference in their valances. If the valance of the La atom is V La and that of Sr atom is V Sr . Thus if we have a sample with N crystals then the number of holes n h appeared is:
c is the concentration of Sr. Here Sr ion have valance (+2) and La ion have valance (+3). Thus each substitution by one atom will bring to the solid one hole. In next figure the dependence of the number of holes created on the concentration of Sr atoms. In the above figure the readings on the Y-axis must be multiplied by N to find the number of created holes, the figure show us that the concentration of holes increases linearly with increasing Sr concentration. This increase of holes by the substitution by Sr will enhance the formation of the Cooper pairs this will lead as a result to the increase of T c (Kondo,1990 ).
On the other side the. increase of potential energy will have an effect like that of pressure application (Chu and Woollam, 1977) . This process is demonstrated in figure 7 , which compare the effect of the hydrostatic pressure which as a result leads to the collapse of the crystal (the figure was drawn in two dimensions for simplicity and the effect can be imagined better returning to figs. (Rabinowitz,&McMullen 1997) . It was proved experimentally (Sadewasser & Schilling, 1999 ) that the hydrostatic pressure leads to increase of T c (Khosroabadi et al, 2002) . This ensures our conclusion that the substitution by Sr as a result leads to increase of T c . 
